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Advances in Induction-Heated Plasma Torch Technology 
The induction-heated plasma torch provides a means 
for electrical heating of a wide variety of materials to 
extremely high temperatures. In the space program, the 
induction-heated plasma torch is utilized to simulate the 
high temperature environment within a gaseous core 
nuclear reactor. NASA Tech Brief 69-10185, "Plasma-
Heating by Induction," described the operation of an 
induction-heated plasma torch with pure hydrogen in 
which the exit-gas enthalpy was estimated to be at more 
than 2.3x106
 J/gm (106 BTU/lb.). Continuing research 
has resulted in several significant advances in induction-
heated plasma torch technology which extend and en-
hance its potential for a broad range of uses i 1 n chemical 
processing, materials development and testing, and the 
development of large illumination sources. These advances 
include: 
High Pressure Induction Plasma Torch 
An induction plasma torch was designed and operated 
at pressures up to 47 atm. Known prior work has been 
limited to 16 atm. The unique feature of the torch is the 
design of the plasma chamber which eliminates the 
detrimental proximity effects of the torch exit end on 
successful plasma operation wherein both the gas flow 
pattern and electrical stability were adversely affected. 
The design utilizes an extended plasma volume down-
stream of the induction coil which eliminates disturbance 
of the gas flow and electrical field in the vicinity of the 
plasma. This innovation has substantial impact on the 
possible use of plasma devices in chemical processing 
when high temperature, high purity gases are required 
at high pressure. It can also be used in basic reaction 
studies and in materials testing. 
Solid-Feed Induction Plasma Torch 
A technique has been developed for introducing solid 
material which is vaporized and forms the plasma core-
gas material in an induction plasma torch. Previously, 
only gases had been introduced to form the plasma core. 
The technique developed involves introducing the solid 
material in rod form through a suitable probe directly 
into the plasma ball. The rate of injection and the exact 
position of injection can be varied to produce the 
optimum conditions for the specific material involved. 
This technique has a wide range of possible uses in chemi-
cal processing and materials development where complete 
and rapid heating of materials to extremely high temper-
atures is required. It is also possible that through the 
use of multiple injection devices controlled mixes or 
alloys of materials could be obtained by properly con-
trolling the rate of injection of the various materials. 
Permeable Wall Induction Plasma Torch 
An induction plasma torch was designed and operated 
which utilizes permeable material for the wall of the 
torch through which the gas (other than the plasma core 
gas) is introduced into the torch. In previous designs, the 
gas which surrounded and stabilized the plasma was 
introduced through holes in the base of the torch sur-
rounding the central plasma. Introducing this gas through 
the permeable wall has several advantages. It provides 
wall cooling, which is particularly necessary in high 
power operations. Also, this makes it possible to flow 
larger quantities of gas through the torch without ex-
tinguishing the plasma. For some applications, it is de-
sirable to have little or no mixing between the plasma 
core gas and the surrounding gas; the permeable wall 
injection greatly reduces the amount of this mixing. 
Certain chemical reactions which may be carried out in 
a plasma torch produce finely divided powders which 
tend to deposit on the walls of the torch. With the perme-
able wall, it is possible to keep the wall clean by the con-
stant flow of gas through it.
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Low Frequency Induction Plasma Torch Operation 
An induction plasma torch was designed and operated 
at frequencies of 9600 Hz and 960 Hz using a motor-
generator set as the power source. Previous work with 
induction plasma torches has been restricted to radio 
frequency power supplies with frequency outputs of 
200 KHz and above. In this new design, a high frequency 
rf generator provides power for ignition, following which 
the system is switched to the motor generator st for 
sustained operation. These torches have been operated 
at pressures up to one atmosphere. This development is 
particularly important for applications of a plasma where 
high power (about one MW) is required. Motor-generator 
sets are more often available than high power rf supplies 
and the cost per unit of power is less. This availability 
makes possible the construction of larger devices, and 
may also make practical the use of plasmas for large 
light sources. 
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